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Background
Observational studies have shown improvement in patients with type 2 diabetes mellitus after bariatric surgery.
Methods
In this randomized, single-center trial, we evaluated the efficacy of intensive medical therapy alone versus medical therapy plus Roux-en-Y gastric bypass or sleeve gastrectomy in 150 obese patients with uncontrolled type 2 diabetes. The mean (±SD) age of the patients was 49±8 years, and 66% were women. The average glycated hemoglobin level was 9.2±1.5%. The primary end point was the proportion of patients with a glycated hemoglobin level of 6.0% or less 12 months after treatment.
Results
A total of 93% of the patients completed 12 months of follow-up. The proportion of patients with the primary end point was 12% (5 of 41 patients) in the medicaltherapy group versus 42% (21 of 50 patients) in the gastric-bypass group (P = 0.002) and 37% (18 of 49 patients) in the sleeve-gastrectomy group (P = 0.008). Glycemic control improved in all three groups, with a mean glycated hemoglobin level of 7.5±1.8% in the medical-therapy group, 6.4±0.9% in the gastric-bypass group (P<0.001), and 6.6±1.0% in the sleeve-gastrectomy group (P = 0.003). Weight loss was greater in the gastric-bypass group and sleeve-gastrectomy group (−29.4±9.0 kg and −25.1±8.5 kg, respectively) than in the medical-therapy group (−5.4±8.0 kg) (P<0.001 for both comparisons). The use of drugs to lower glucose, lipid, and blood-pressure levels decreased significantly after both surgical procedures but increased in patients receiving medical therapy only. The index for homeostasis model assessment of insulin resistance (HOMA-IR) improved significantly after bariatric surgery. Four patients underwent reoperation. There were no deaths or life-threatening complications.
Conclusions
In obese patients with uncontrolled type 2 diabetes, 12 months of medical therapy plus bariatric surgery achieved glycemic control in significantly more patients than medical therapy alone. Further study will be necessary to assess the durability of these results. (Funded by Ethicon Endo-Surgery and others; ClinicalTrials.gov number, NCT00432809.) T he growing incidence of obesity and type 2 diabetes mellitus globally is widely recognized as one of the most challenging contemporary threats to public health. 1 Uncontrolled diabetes leads to macrovascular and microvascular complications, including myocardial infarction, stroke, blindness, neuropathy, and renal failure in many patients. The current goal of medical treatment is to halt disease progression by reducing hyperglycemia, hypertension, dyslipidemia, and other cardiovascular risk factors. 2, 3 Despite improvements in pharmacotherapy, fewer than 50% of patients with moderate-to-severe type 2 diabetes actually achieve and maintain therapeutic thresholds, particularly for glycemic control. 4 Observational studies have suggested that bariatric or metabolic surgery can rapidly improve glycemic control and cardiovascular risk factors in severely obese patients with type 2 diabetes. 5-9 Few randomized, controlled trials have compared bariatric surgery with intensive medical therapy, particularly in moderately obese patients (defined as those having a body-mass index [BMI, the weight in kilograms divided by the square of the height in meters] of 30 to 35) with type 2 diabetes. 10 Accordingly, many unanswered questions remain regarding the relative efficacy of bariatric surgery in patients with uncontrolled diabetes.
This randomized, controlled, single-center study, called the Surgical Treatment and Medications Potentially Eradicate Diabetes Efficiently (STAMPEDE) trial, was designed to compare intensive medical therapy with surgical treatment (gastric bypass or sleeve gastrectomy) as a means of improving glycemic control in obese patients with type 2 diabetes.
Me thods
Study Design
The study rationale and design have been reported previously. 11 From March 2007 through January 2011, we screened 218 patients at the Cleveland Clinic. Using a block-randomization method with a 1:1:1 ratio, we assigned 150 eligible patients to undergo intensive medical therapy alone or intensive medical therapy plus either Roux-en-Y gastric bypass or sleeve gastrectomy, with stratification according to the patients' use of insulin at baseline. The study protocol is available with the full text of this article at NEJM.org.
Eligibility criteria were an age of 20 to 60 years, a diagnosis of type 2 diabetes (glycated hemoglobin level, >7.0%), and a BMI of 27 to 43. Patients were excluded if they had undergone previous bariatric surgery or other complex abdominal surgery or had poorly controlled medical or psychiatric disorders.
Recruitment strategies included the use of electronic medical records and advertisements in local media. Patients providing written informed consent entered a 12-week screening period and underwent repeated physical and laboratory evaluations to confirm eligibility.
Study Treatments
All patients received intensive medical therapy, as defined by American Diabetes Association (ADA) guidelines, including lifestyle counseling, weight management, frequent home glucose monitoring, and the use of newer drug therapies (e.g., incretin analogues) approved by the Food and Drug Administration (FDA). 2,12 Every 3 months for the first 12 months, patients returned for study visits with a diabetes specialist at the Cleveland Clinic. Patients were counseled by a diabetes educator and evaluated for bariatric surgery by a psychologist and encouraged to participate in the Weight Watchers program. The goal of medical management was modification of diabetes medications until the patient reached the therapeutic goal of a glycated hemoglobin level of 6.0% or less or became intolerant to the medical treatment ( Fig. S1 and S2 in the Supplementary Appendix, available at NEJM.org). All patients were treated with lipid-lowering and antihypertensive medications, according to ADA guidelines, with the following targets: systolic blood pressure, 130 mm Hg or less; diastolic blood pressure, 80 mm Hg or less; and low-density lipoprotein (LDL) cholesterol, 100 mg per deciliter (2.6 mmol per liter) or less.
Bariatric procedures were performed laparoscopically by a single surgeon with the use of instruments provided by Ethicon Endo-Surgery. Gastric bypass consisted of the creation of a 15-to-20-ml gastric pouch, a 150-cm Roux limb, and a 50-cm biliopancreatic limb (Fig. S3 in the Supplementary Appendix). 13 Sleeve gastrectomy involved a gastric-volume reduction of 75 to 80% by resecting the stomach alongside a 30-French endoscope beginning 3 cm from the pylorus and ending at the angle of His (Fig. S3 in the Supplementary Appendix). Patients who were assigned to undergo bariatric surgery were evaluated by surgical, nutrition, and psychology services as necessary. 14 Vitamin and nutrient supplementation after gas-tric bypass included a multivitamin, iron, vitamin B 12 , and calcium citrate with vitamin D; after sleeve gastrectomy, such supplementation included a multivitamin and vitamin B 12 . Patients were assessed for nutritional deficiencies within 12 months after surgery.
Data Collection and Assessment
At baseline, we collected data on demographic information, coexisting illnesses, rates of diabetes complications, anthropometric values, use of medications, and laboratory values; we also performed physical examinations.
We assessed body weight, waist and hip circumference, blood pressure, and levels of glycated hemoglobin and fasting plasma glucose at baseline and at months 3, 6, 9, and 12. Patients were scheduled for follow-up in a 4-year extension study to assess the durability of glycemic control and diabetes-related complications.
Study End Points
The primary end point was the proportion of patients with a glycated hemoglobin level of 6% or less (with or without diabetes medications) 12 months after randomization. Secondary end points included levels of fasting plasma glucose, fasting insulin, lipids, and high-sensitivity C-reactive protein (CRP); the homeostasis model assessment of insulin resistance (HOMA-IR) index; weight loss; blood pressure; adverse events; coexisting illnesses; and changes in medications.
Study Oversight
This investigator-initiated trial was sponsored by Ethicon Endo-Surgery, with support from LifeScan, the Cleveland Clinic, and the National Institutes of Health. The first author wrote the first draft of the manuscript and made the decision to submit the manuscript for publication. All authors had full and independent access to all the data and vouch for the integrity and the accuracy of the analysis and its fidelity to the protocol. Complete study governance is outlined in the Supplementary Appendix.
Statistical Analysis
The sample-size estimate was based on the primary end point of the proportion of patients with a glycated hemoglobin level of 6% or less at 12 months. On the basis of previous studies, we estimated that 20% of patients would achieve the primary outcome with intensive medical therapy, 10 83% with gastric bypass, 5, 6, 9 and 50% with sleeve gastrectomy. 15, 16 We determined that 150 patients (50 per group) would provide a power of 80% to detect a difference between the two surgical groups (on the basis of a two-sided alpha level of 0.05) and a power of more than 99% to detect any differences among the three groups.
Continuous variables with a normal distribution are reported as means ±SD. Variables with a nonnormal distribution are reported as medians and interquartile ranges. Categorical variables are summarized with the use of frequencies. We used the chi-square test to analyze the primary end point and used analysis of variance to analyze continuous laboratory measurements and compare study groups. For glycemic measures and body weight, a mixed model for repeated measures was used to analyze the change from baseline and leastsquare means with corresponding standard errors plotted graphically. All analyses were performed with the use of SAS software, version 9.2 (SAS Institute).
R e sult s
Patients
During the first year of follow-up, 8 patients withdrew from the study (1 who did not undergo sleeve gastrectomy and 7 in the medical-therapy group who did not have any follow-up visits). Another 2 patients in the medical-therapy group missed follow-up visits at 9 and 12 months, leaving 140 patients (93%) who completed all analyses. There were no significant differences in patients' characteristics in the three study groups at baseline ( Table 1 ). The mean BMI was 36, with 51 of 150 patients (34%) with a BMI of less than 35.
Primary End Point
The target glycated hemoglobin level of 6.0% or less at 12 months occurred in 5 of 41 patients (12%) in the medical-therapy group, as compared with 21 of 50 (42%) in the gastric-bypass group (P = 0.002) and 18 of 49 (37%) in the sleeve-gastrectomy group (P = 0.008). There were no significant differences in the primary end point between the two surgical groups (P = 0.59). However, all patients in the gastric-bypass group who achieved the target glycated hemoglobin level did so without medications, whereas 5 of 18 patients (28%) in the sleeve-gastrectomy group required the use of one or more glucose-lowering drugs. There was no significant heterogeneity among the subgroups stratified ac-cording to median age, BMI, use of insulin, or duration of diabetes (Table S5 in the Supplementary Appendix).
Glycemic Control
At 12 months, mean levels of glycated hemoglobin and fasting plasma glucose were significantly lower in the two surgical groups than in the medicaltherapy group (P<0.01 for both comparisons) ( Table 2 ). There was a large and rapid improvement (by 3 months) in levels of glycated hemoglobin and fasting plasma glucose after each of the surgical procedures, an improvement that was sustained over the year of observation with reduced hypoglycemic medication use (Fig. 1A and  1B) . In contrast, patients receiving medical therapy alone had a smaller and more gradual improvement in glycemic control with some attenuation observed over the final 6 months, despite an increase in the use of hypoglycemic medications (Fig. 1A) .
Diabetes Medications
During the trial, the average number of diabetes agents per patient per day tended to increase in the medical-therapy group but decreased significantly in the gastric-bypass group and the sleevegastrectomy group (P<0.001 for both comparisons) (Fig. 1C ). There was a significant reduction in the majority of medication classes used for glycemic control for the two surgical groups at 12 months (Table 3) . Insulin use remained high at 12 months (38%) in the medical-therapy group and was reduced to 4% in the gastric-bypass group and to 8% in the sleeve-gastrectomy group (P<0.001 for both comparisons).
Weight Loss
At 12 months, changes in body weight, BMI, waist circumference, and waist-to-hip ratio were greater after gastric bypass and sleeve gastrectomy than after medical therapy ( Table 2, and Tables S2 and  S3 in the Supplementary Appendix). The mean percentage of weight loss among patients undergoing either gastric bypass or sleeve gastrectomy was greater (−27.5±7.3% and −24.7±6.6%, respectively) than among those receiving medical therapy alone (−5.2±7.7%) (P<0.001 for both comparisons). Changes in weight and in BMI were greater after gastric bypass than after sleeve gastrectomy (P = 0.02 and 0.03, respectively). The percent of excess weight loss for gastric bypass (88%) and sleeve gastrectomy (81%) was superior to that of medical therapy (13%) (P<0.001 for both comparisons). Both surgical groups had a significantly greater decrease in BMI over time than did the medicaltherapy group (P<0.001 for both comparisons) (Fig. 1D ).
Other Health Outcomes Table 2 shows changes in clinical and laboratory outcomes at 12 months. The reduction in prevalence of the metabolic syndrome was significantly greater in the two surgical groups than in the medical-therapy group (Table S3 in the Supplementary Appendix). Rates of hyperinsulinemia and the HOMA-IR index improved markedly after each of the two surgical procedures, as compared with medical therapy alone. A significant decrease in triglycerides occurred at 12 months after gastric bypass, but not after sleeve gastrectomy, as compared with medical therapy. There was a marked increase in high-density lipoprotein (HDL) cholesterol and a significant decrease in the highsensitivity CRP level after the two surgical procedures, as compared with medical therapy alone.
Use of Cardiovascular Medications
Although levels of total and LDL cholesterol did not differ significantly among groups after 12 months, there was a significant reduction in the number of medications needed to treat hyperlipidemia in the two surgical groups (Table 3) . For example, lipidlowering drugs were required at baseline in 86% and 78% of patients assigned to undergo gastric bypass and sleeve gastrectomy, respectively, but use declined to 27% and 39% after 12 months, as compared with 92% for medical therapy (P<0.001 for both comparisons). Likewise, there was no significant difference in values for systolic and diastolic blood pressure among the three groups at 12 months, but there was a significant reduction in the number of hypertension medications after the two bariatric procedures. Table 4 shows significant adverse events that occurred up to 1 year after surgery or the initiation of medical therapy. Additional surgical interventions were required in four patients, including laparoscopic procedures for blood-clot evacuation, assessment of nausea and vomiting, and cholecystectomy after gastric bypass and jejunostomy for feeding access to treat a gastric leak after sleeve gastrectomy. There were no deaths, episodes of serious hypoglycemia requiring intervention, malnutrition, or excessive weight loss among the three groups. 
Adverse Events
Discussion
In our study, obese patients with poorly controlled diabetes who underwent either gastric bypass or sleeve gastrectomy combined with medical therapy were significantly more likely to achieve a glycated hemoglobin level of 6.0% or less 12 months after randomization than were patients receiving medical therapy alone. Notably, many patients in the surgical groups, particularly those in the gastric-bypass group, achieved glycemic control without the use of diabetes medications (Table 3) . The study population had relatively advanced disease, including many patients with major diabetesrelated coexisting illnesses or evidence of endorgan damage, including retinopathy in 14 to 22% and nephropathy (microalbuminuria) in 14 to 29% (Table S1 in the Supplementary Appendix). The majority of patients had the metabolic syndrome and increased measures of systemic inflammation (median high-sensitivity CRP level, >4 mg per liter) ( Table 2, and Tables S1 and S2 in the Supplementary Appendix). More than 60% of the surgical patients had moderate-to-severe fatty liver disease on the basis of biopsy samples obtained during surgery (Table S1 in the Supplementary Appendix). Accordingly, a significant improvement in type 2 diabetes (a reduction in glycated hemoglobin levels of 2.9 percentage points) can occur after bariatric surgery in obese patients with advanced diabetes, although modest improvement is feasible with the use of intensive medical therapy alone (a reduction of 1.4% percentage points).
Observational studies of bariatric procedures have shown rates of remission of type 2 diabetes of 55 to 95%, although resolution was often determined without biochemical evidence (levels of glycated hemoglobin or fasting plasma glucose) or with the use of more liberal definitions of remission (e.g., fasting plasma glucose, ≤125 mg per deciliter [6.9 mmol per liter]). 5 A nonrandomized, prospective trial comparing bariatric surgery with conventional treatment of obesity also showed higher diabetes remission rates for surgery after 2 and 10 years but with gradual recurrence over time. 8 A single previous randomized, controlled trial compared medical therapy with gastric banding in patients with moderate-to-severe obesity (BMI, 30 to 40) but involved patients with early diabetes (<2 years) of mild severity (glycated hemoglobin, <7.5%). In that study, gastric banding was superior to medical therapy in achieving gly- 
no. of patients (%)
Serious adverse event
Requiring hospitalization 4 (9) 11 (22) 4 ( Excessive weight gain § 3 (7) 0 0 * Patients may have had more than one event. Seven patients in the medical-therapy group withdrew immediately after randomization. One patient in the sleeve-gastrectomy group had anemia before withdrawing from the study before surgery. † Hypoglycemic episodes were self-reported. Patients were classified according to whether they reported at least one episode of hypoglycemia during the follow-up period. ‡ Anemia was defined as a hemoglobin level of less than 11.5 g per deciliter for women and less than 13.0 g per deciliter for men. § Excessive weight gain was defined as an increase of more than 5% over the baseline value.
cemic control (glycated hemoglobin, ≤6.2%) and weight loss. 10 In contrast, in our trial, patients had more advanced type 2 diabetes, with an average disease duration of more than 8 years and a mean baseline glycated hemoglobin level of 8.9 to 9.5% while undergoing treatment with an average of nearly three diabetes agents, including a relatively high use of insulin (44% of patients) or other injectable therapies (14%). The inclusion of patients with more advanced type 2 diabetes in the STAMPEDE trial probably explains the lower observed rate of diabetes remission; other differences from previous trials included less severe obesity, a greater proportion of men and black patients, and an older age.
In our study, results were generally similar in the two surgical groups although somewhat more favorable in the gastric-bypass group. Most differences between the gastric-bypass group and the sleeve-gastrectomy group were not significant, although it should be noted that the study was not adequately powered to detect modest differences between these two surgical procedures. Secondary end points, including BMI, body weight, waist circumference, and the HOMA-IR index, also showed more favorable results in the surgical groups than in the medical-therapy group (Table 2, and Tables  S2 and S3 in the Supplementary Appendix). Maximal improvements after bariatric surgery occurred quickly, often within 3 months, and were maintained throughout the 12-month follow-up period. Reductions in the use of diabetes medications occurred before achievement of maximal weight loss, which supports the concept that the mechanisms of improvement in diabetes involve physiologic effects in addition to weight loss, probably related to alterations in gut hormones. [17] [18] [19] [20] As noted in observational studies, some adverse effects of surgical treatment were observed in this study but were modest in severity. 6,7,9,21 Self-reported symptoms of hypoglycemia occurred with a similar frequency in the surgical and medical groups.
The mechanism of improved glycemic control appears to involve improvement in insulin sensitivity, with a marked reduction in insulin levels and improvement in the HOMA-IR index, which may be linked to the attenuation of chronic inflammation, as suggested by the greater reduction in high-sensitivity CRP in the surgery groups (−84% for gastric bypass and −80% for sleeve gastrectomy) than in the medical-therapy group (−33%). All patients received intensive medical therapy, including lifestyle counseling, home glucose monitoring, and the most effective pharmacotherapy currently available. Using these strategies, the patients receiving medical therapy alone did well, achieving a substantial reduction in glycated hemoglobin levels (−1.4±1.5 percentage points, P<0.001) and body weight (−5.4±8.0 kg, P<0.001) over 12 months. Although the study was not powered to assess the effects of improved glycemic control on clinical outcomes, improvements in cardiovascular risk factors were observed ( Table 2,  and Tables S2 an S3 in the Supplementary Appendix). Although lipoprotein and blood-pressure levels were similar in all three study groups at 12 months, improvements in the surgical groups allowed reduction or elimination of concomitant medications in many patients.
Important limitations of our study include the relatively short duration of follow-up (12 months) and the single-center, open-label nature of the study. Some adverse events occurred in the bariatric-surgery group, including in four patients who required reoperation. The durability and long-term safety profile of these results remain uncertain, but the protocol specifies further 4-year followup of all patients, which should allow additional assessment of long-term efficacy and safety results to guide patient counseling regarding specific bariatric procedures for the treatment of type 2 diabetes.
Despite these limitations, we conclude that bariatric surgery represents a potentially useful strategy for management of uncontrolled diabetes, since it has been shown to eliminate the need for diabetes medications in some patients and to markedly reduce the need for drug treatment in others. In addition, among patients undergoing surgery, cardiovascular risk factors improved, allowing reductions in lipid-lowering and antihypertensive therapies. Theoretically, such improvements have the potential to reduce cardiovascular morbidity and mortality, as shown in nonrandomized studies, although such benefits will need to be balanced with surgical risk and safety as shown in larger, multicenter clinical-outcome trials. 8, 22 Presented in part at the 61st Annual Meeting of the American College of Cardiology, Chicago, March 24-27, 2012.
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